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NAT%ONAL ADVISCRY COMMITTEE FOR AZRONWAUTICS

ADVALNGCE REZSIRICTED REPORT

STRENGTH TEsTs OF TEIN-WALL TRUNCATED CONES

OF CIRCULAR SECTIOQN

By Eugene E. Lundquist and Even H. &chuette
SUMMARY

The ends of thin-wall truncated cones of circulsr
section were clamped to rigid bulkheads and the.cones
subjected to strength tests. The results from torsion
tests of five, compresgsion tests of three, and t'ests in
cosbhined transverse ghear end tending of 18 truncated
cones are given herein. The resulis of tile tests are
correlated with the previously published results of cor-
responding tests of circular e¢ylinders and are presented
in charts suitavle for use ia design.

INTRODUCTICN

The strength of thin-wall eylinders has been unéer
investigation by the National Advisory Committee for Aero-
nautics for a number of yesrs. Previous papers have given
the results of varioung strength tests of thin-mall cylin-
ders of circular and elliptic section,

- Because monocoque fuselages uswally hava some taper,
teats were also made t0 determine the strength of thin-
wall truncated cones of circular ssctioan in torsion, com-
pression, and combined transverse shear and bending. A
preliminary summary of the results is given in reference 1.
The present report gives these data in further detail and
with greater attention to the conclusions.

MATERIAL

The 178=-T asluminum alloy used in these tests was ob-
tained INn sheet form with nominal thicknesses of 0.011,
0.016, and 0.022 inch. The properties of this material
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as determined by the National Bureau of Standards from 3
specimens selected at random are given in reference 2. :
Because all the test cones failed by elastic buckling of ;
the walls at stresses consideradbly below the yield-point .
stress, the modulus of elasticity E, which was substan-
tially constant for all sheet thicknesses, is the only

property of the material that need be considered. For

all sheet-material used in these tests, an average value

for E of 10.4 x 10° pounds per square inch was used in
the analysis of the results,

SPECIMENS

The test specimens were truncated cones 7.5 inches
long with end radii of 6.0 and “7.5 inches. (See fig. 1.)
The taper of the counes was Selected to agree roughly with
the taper of a monocogue fuselage. The cones were con- -
structed in the following manner: In aluminum~alloy Sheet ?
was first cut to the dimensions of the developed surface. }
The sheet was then wrasped =bout and clamped to end bulk- ;
heads. When the truncated cone was thus assembled, a {
butt strap 1 inch aide and of the same thickness as the i
sheet was fitted, drilled, aad bolted ia place to close
the seam. In the assembly of the specimen, care was taken
to avoid having either a looseness of the skin or wrinkles
in the walls when finally constructed.

Each of the end Bulkheads, to which the loads were
applied, was constructed of two steel plates & inch ,thick,
separated by a plywood core 14 inches thick. *These parts
were bolted together and turned to the sgecified outside ~
diameter. Steel bvands approximately Zinch thick and ma-
chined to the same diameter as ths bulkheads ware used to
clamp the aluminum-alloy sheet to the bulkheads. In or-
der to keep the bands from sliding parallel to the axis
of the cone, a tongue and groove was provided between the
bulkhead and the band.

APPARATUS AND METHOD

The thickness of each sheet was measured to an esti-
mated precision of #0.00035 inch at a large number of sta- |

tiong by a dial gage wounted IN a special jig. In general,
the variation in thickness throughout a given sheet wag
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not more than 2 percent of the average thickness. The
average thicknesses of the sheets were used in all calcu-
lations of radius-thickness ratio and stress.

The loads were applied to the truncated cones with
the same apparatus as that used in the corresponding tests
of circular cylinders. Descriptions and photographs of
the apparatus used in the torsion, compression, and com-

bined transverse shear and bending tests are given in ref- -

erences 2, 3, and 4, respectively.

In all cases loads were applied in increments of 1

.percent of the estimated load at failure.

DISCUSSICN OF RESULTS

From the photographs of figures 2, 3, and 4, it will
be noted that failnre always occurs over a large area of
the cone wall and not at some particular station between
bulkheads. The symbols appearing in figure 4 will be de-
fine& later in this report. The properties of the cone
and hence the computed- stresses for any loading condition
vary from point to point along the cone. Thus, in the
presentation of the test results for each of the loading
conditions counsidered, a curve is drawn that describes the

stress condition throughout the full length of the trun-
cated cone.

Torsion

The shear stress at failure f£4 in the plene of the
skin at any station is assumed to ba given by the formula

-

fgq = ——15-—- (1)
2mr t
where v
T applied torque at failure
r radius at the psrticular station
t thickness

At the large end of the cone, where the radius 1s ,
the value of fg 1S designated fg,- Then, it follaws

from equation (1) that

g
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g, = fsl<—;—> (2)

Results of the torsion tests are presentad. in figure
5, which is the same type of figure as that used by Donnell

(reference 5) to present torsion data on circular cylinders.

In this figure, wu is Poisson's ratio for the material.
The data for' each truncated cone tested are represented by
a short line that describes the variation of stress along
the length of tke coune according to eguation (2). The re-
sults of torsior tents of circular cylinders, taken from
reference 2, are also plotted in figure 5.

The lines representing the truncated cones in figure
51ie across the band of points representing the circular
cylinders. The ends of the lines marked with large cir-
cles, representing the large ends of the truncated cones,
lie approximately along the curve that has been recommended

in reference 5 for design of circular cylinders .with clamped

edges. If the torsional strength of a circular cylinder is
assumed to be established by this curve, tbe shear stress
at failure fg, at the large end of a truncated cone i=
torsion is equal to the shear stress at failure for a cir-
cular cylinder of this radius and of the same length as

the truncated cone. The shear stress at failure for any
other station along the length of the truncated cons is
then given by equation (2).

Compression
/
The compressive stress at failure f,, directec along
the conical surface, 'is assumed to 'be given by

t, = P seca (8)
' 21mri .

where P is the applied compressive load and & is the
angle between the axis of the cone and the longitudinal
elements of the surface. At the largo end of the cone
where the radius is r,, the value o fec may be desig~

nated fg,. It then follows from equation (3) that

e “"‘fql'%-‘ L (4)
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Results of the compression tests are presented in
figure &, which is the same type of figure.as that used
in reference 3 to preseat compression data on circular
cylinders. The data for eachk truncated cone tested are
represented by a short line that describes the variation.
of stress along the length of ths cone according to equa-

tion (4). The results of compression tests of circular
cylinders, taken from reference 3, are also plotted in
figure ti

The lines representing the truncated cones in figure
6 lie essentially parallel to tke band of points represent-
ing the circular cylinders. Consequently, if the.strength
of the truncated cone is to be computed, for purposes of
design, on the basis of an eguivalent cylinder, either end
of the truncated cone may be selected. The assumption that
the compressive stress at failure £, at the large end
of a truncatad cone is equal to tho compressive stress at
failure for a circular cyliander of this radius and the same
thickness as the wall of the truncated cone is, however,
somewhat conservative. The coumpressive stress at failure

for zny other station aiong the length of the cone is given
by eguation (4).

Combined Transverse Shear end Bending

The maximum bending stress at failure f3 in the

plane of the skin at any station is assumed to be given
by the formula.

. —, &l‘&r, Idi (5)

fe =i gee O = ee—m— g8C &

ST T TiT 2%
where ¥ is the applied moment at failure and | -is the
moment of inertia of the cross section at any station,
mr>t. The maximum shear stress at failure fv in the

plane of the skin at any station 1S assumed to be given
by the formula

£, =

yrp? _m * (8)
I Trt

where

vt ' effective shear at failure (V - Vo)

' applied transverse shear

Vv shear resisted by banding stresses

Equations (5) and (&) are derived in appendix A...




For the analysis and the presentation of data on com=
bined transverse shear and bending, a parameter is desired
that is descriptive of a definite loading condition as well
as a definite stress coundition for the specimen in the same
manner that torsion or compression .ig descriptive of def-
inite loading and stress conditions. Such a parameter is
obtained if equation (5) is divided by equation (8). Thus

fy M
e T et v
fv V! sec & ( )

The term mMT sec & 1is, physically, the distance along
rV

an element of the cone from the section under investiga-

tion to the plane perpendicular to the axis of the cone

in which the resultant shear force Vv acts, expressed in

terms of the radius of tho cone at the plane of this re-

sultant shear force. Ia order to show that this interpre~

M

tation of =T sec o is correct, reference may be made to
r
figure 7. At station x, the moment M = V(h-x). From
the definitions that follow egnation (8), V! =V = @—Eiﬂ~§-
r

Substitution of these values for ¥ and V' in the right-
hand side of equation (7) gives

M - V(h:x\ sec_a 8
rvt %8¢ %% o T ¥(n-x) tan a (8)
_ - (b-x) sec a (9)

r = (h-x) tan a

= B- - (10)
To
Thus, a particulsr value of “%T sec @ s descriptive of
T

a definite loading condition as well as of a definite
stress condition. In the analysis of the results of the
tests, the variation of the strasses at failure with
M sec o 1S studied.
rV!

Results of the tests in combined shear and bending
are given in figure 8, which 1s similar to the figure used

.

8
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in reference 4 to present data for thin-mall circular cyl-
inders in combined transverse Shear and bending. The data
‘for each truncated cone tested are represented by a line
that describes the variation of bending stress in terms of
the modulus of elagticity E and the ratio t/r along an
element of the cone. An ingpection of this figure and of
the photographs of the types of failure (fig. 4) reveals

a transition from a shear type of failure at small values

of ,;¥~ sec @ to a Bending type of failure at large values
rV!

of M_sec a In the following discussion Separate con-
rv!

sideration will be given bonding failure, shear failure,

and the transition from bending to shear failure.

Bending failure (large vaiues of .M. sec a).- At
rv!

large values of _M_ sec a, failure occurs by a sudden
V!
collapse of the outermost compression fibers in the same
manner as in the »ure-bending tests of circular cylinders
reported in reference 6. It is therefore reasonable tO
suppose that, at these values, the bending strength of a
truncated cone should ve comparabdle to the strength of =
cyiinder of gome similar dimensions in pure bending.

For comparison of the present results with the results
of the pure-bendink tests of circular cylinders reported
in reference 6, lines a and b have been drawn on figure
8 representing the upper and lower limits of ths strength
in pure bending of circular eylinders. Those limiting val-
ues represent the dispersion of the results of the pure-
bending tests of cylinders and were obtained from figure 5

) f
of reference 6. Use of the expression i? % as orcdinate

in figure 8 makes the location of the limiting lines a
and b independent of =r/t, provided the maximum bending

stress at failure in pure bending is given by an eguation
of the type

s, =kB L - (11)
r N . N

where X is a coefficient, the variation of which describes
the scatter of test data. The lines a and b in figure 8
simply represent tne limiting values of this Coefficient.




Equation (11) may be considered valid over the small range
of values of 1/t represented by the truncated cones
tested. Hence the lines a and b should represent rea-
sonably well the conditions for bending failure over the
full length of a truncated cone. The condition of pure
bending for a truncated cons is, from considerations of
internal stresses (V. = 0 glvin’by‘a-iTansverse sheay
force TV Tocated at the apex 0f the come. Figure 8 shows
that the test results represented by tho bending-stress
diagrams lie between lines a and b at large values of -

H;Qggéf'ﬂ

f -M— sec a.

! rV!

B Shear failure (small values of ?%r sec a).- At . . i
small values of Y. sec a, failure occurs in shear by f

V! :
the formation of diagonal shear wrinkles on the sides of . :
the cones. (See fig. 4.) It is therefore reasonable to !
suppose that, at these values, the shear strsngth of a :
thin-wall truncated cone should be closely related to the
strength of a truncated cone of the same dimensions in
torsion (pure shear).

| For comparison with the results of the torsion tests
o . included in the present paper, lines ¢ and d have been
400 ., drawn in figure 8 representing the strength in pure shear
g for the small and for the large ends of a cone, respec-

3 tively. These lines were obtained by plotting tae equation

s .
- % A sec a (12)

b |
B B rV?* o

ot 3

Equation (12) is obtained from equation (7) by trans-.

-posing terms, multiplying by % %. and substituting Sg

for fy, where g5 1is the shear stress at failure for a
truncated cone of the same dimensions in torsion. The g
lines ¢ and d in figure 8 represent the values of s T

determined from figure 5 for the two ends of the truncated
cones of the same thickness as the cones tested in combined
transverse shear and'bending.

f»n

For low values of “%T sec A, the bending-stress di-

agrams lie above lines ¢ and 4. This fact indicates
that the trausverse shear stress on the neutral axis at




1ge ; failure is higher then the shear stress at failure in tor-
: sion. The relation determined for circular cylinders in
ga~- Lo combined transverse shear and bending (reference 4) can be
e i used to take accouat of this difference. If 8y is the
g%i shear stregs on the neutral axis at failure in pure trans-
= verse shear and g8y 1is the shear strass at failure for a
r © |+ cone of the same dimensions in torsion, Sy and §s may
ows : be related by'the approximate equation
£ (13)
0 i Sy = 1.25 S
% Transition from shear to bending failure (intermediate
| values of ;%T see ).~ Pigures 4 and 8 reveal that the
b * e E : :
v : transition from shear to banding failure is not so abrupt
of - é as the intersections of iines a with ¢ and b with d
to P
{ indicate. At tho intesrmecdiate values of F¥T sec a, the
the ; . . . . .
i transition from failure by shear to failure by bending 1Is
' accompanied by a reduction in strength thet is of the same
f
£

order of magnitude as the corresponding reduction for thin-
st e ; mall cylinders in combined transverse shear and bending.

been f (See reference 4.) An analysis similar to that used for
iear | thin-wall cylinders reveals that the design chart oresented
— i in figure 8 of reference 4 also applies to thin-wall trun-
,ation ! cated counes in combined transverse shear and bending if
- ;5 Is replaced by “%T sec &. This design chart is pre-
T
) -
(12) ! ' sented in figure 9 of the present report.
In figure 8 the two lines e and f were obtained
rans~ .
: from figure 9, in one case the value of 5= corresponding
S « . v
S to lines a and ¢ TDbeing used and in the other case the
or &
e value of EE corresponding to lines b and d. 1Inspec-
. Bsr | Sv
E ot tion of the figure indicates that these two curves repre-
1Ca?ed ; sent reasonably well the 1imits of the experimeutal data
mbined plotted.
E
g, f In order to use the curves of figure 9 in design, it
ss di- |
. . . M
i ' ™ ——— ¢
tes is necessary to know the loading cordition —yr see @ and
at v

to ve able to predict the values of Sy and sy for the
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cone. The value of M%T sec a 1is established by the di-
r

menszions of the truncated cone and the external loads.
The allowable stress in transverse shear Sy depends upon

the allowable stress in torsion, that is, pure shear, ac-
cording to equation (13). In the absence of test data on
the strength of truncated cones in pure bending, the value
of sp 'i0 be used shouwld be based upon test data for thin-
wall cylinders of comparable r/t ratio in pure bending.
Such data are contained in reference 6, These data scat-
ter widely and some judgment must therefore be exercised

in the selection of a value for Sy

.If the three quantities ..% sec @, Sy, and Sy are
r

known, the maximum allowabtle inoment or the bending stress
on the extreme fiber caa be rend from the chart of figure
9 as a percentage of the.velue for pure bending. The
strength in shear, then, need not be investigated because
its effect has been takes into accouat by a reduced bend-
ing strength.

When the strength of an; section between adjacent

“bulkheads is to be checked, the largest' absolute value of

Jﬁr sec & should be used to enter the chart of figure 9
rV
whenever ”%T sec o lies between =-csec @ and +o For
r .
values of .M. gsec a ‘between =-csc o “and =, the lovwe-
V!

est absolute value should be used, This procedure gives
conservative values.and nay be verified from appendix B.

CONCLUSIONS .

The strength of thin-wall truncated cones may be corn-
puted by the formales used for thin-wall cylinders, if
proper account is taken of the angle a between the ele-
ments and the axis of the cone. For cylinders, a = C.

-1(i
In the tests reported herein, o = tan (5). The follow-
ing conclusions may therefore belconsidered valid provided

that o does not exceed tan~*(5): -

orsion.
of the

- For torsion, the shear stress fg in the
skin at any station is given %ty the. formula

A

e
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£ = __.._ﬂ‘_:;.....
o8 271 &
where ' °
T applied torque
r radius at the psrticnlar station

t thickness

The sghear stress at failure fg, A2t the large end of a

“truncated cone 5n torsion is equal to the shear stress at

failure for a circular cylinder of this radius and tbhe .
same length as the truncated cone. The shear stress at
failure for any other station along the length of the
truncated cone is given Yy the formula

- 2

— 1'1\

£ =1 )
s 8, r /

. 1S the radius at the large end of the cone.

e

where v

Compression.- On the assvunption that the internal
compressive svress fg acts in the direction of the
element, )

f = —P gec a
Srrd

where P is the avplied compressive load. The compres—
sive stress at failure® f at the lzrge end of a trun-

cated cone is equal to the compressive stress at failure
for a circuiar eylinder of this radius and of the same
thickness as the wall of tiie truncated cone. The compres-
sive stress at failure for any other station along the
length of the cone is given by the formula

I
B 1
£, =71 e

¢ c v

1

Combined transverce shear and bending.- If the bend-

ing stresses are assumed tO act in the direction of the
elements, a portion of the transverse shear 'V is resisted
by the hending stresses. A moment M on a truncated cone

of circular cross section reduces the shear by an amount
Vy Wwhere .

! M tan o
v =
o T




In combined transverse shear and bending, the effective :
shear ¥! is, there'fore, !

‘f | V! = V =
The effective transverse shear causes a shear stress fy é§
.in the plane of the skin at the neutral axis that is given 4
by the formula_,
) £y = L
' v mird

The bending stress £, in the plane of the ski;?.at any
station is given by the formula

For large values of -¥_ sec a, failure occurs in :
bonding. For small values of _¥_ sec a, failure occurs !

in shear. TFor intermediatc values of “%T sac ¢, the
T
failure is a combination of shear auwd bending. The allow-
+ able strength in combined trensverse shear and bending is “
given by a design chart similar to that previously pub~
lighed for thin-wall circular cylinders

Langley lMemorial Aeronautical Laboratoxy,
National Advisory Cormittee for Aeronautics, =
Langley Field, Va

APPENDIX A
BENDING AND SHEAR STRESSES IN A CONE

The relations between the internal stress and the ~ p -
plied forces in a tapcered beam are slightly different from
the corresponding relations for a uniform beam. In this
appendix, formulas for the bending and shearing stresses
due to the application of a single transverse force on a
hollow circular cone are derived.
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Tigure 10 "shows a truncated cone of constant wall
thickness with the large end fixed in position and with a
transverse force Vv applied at the small end. At any
typical station, the mean radius of the cone is .

LY

The assumptions are:

1. Bending stresses' are directed along the surface
of the cone toward the apex

2. Bending stresses are proportional to the distance
from the neutral azis, as in the ordinary the-
ory of bending

3. Shear stresses are directed parallel to the sur-
face of the cone

Bending stresses.- An elemeat of area of the 'cross
section rt 48 located a2t an angles 6 measured from the
neutral axis, as shown in figure 10, IS considered. By
assumption 2, tha stress on the clement 1S £y sin 9,
where £y is the stress on the extreme fiber. The force
dF oa this element IS, thersiore,

aF = (ib sin B8) rt 48 (A1)
The moment of &% about the neutral axis is
dM = (cos a)(r sin 8){(fy sing) rt as (A2)

The total moment ¥ ig obtained by integration around
the circumference of the cone. Thus, "

atm

M= fyr°t cos afsinae a8
+JO

~

= £,7r t COS & - (A3)

Thus, the bending stress fyp at the extreme fiber in terms
of the applied bending momwent M isg

Y Mr . N
= = =~ sec Q (44)
% Tr?t cos O I

where I is the mowent of inertia of the cross section
at any station and equalg wir t.
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Shear _stregsses.- From the assumption that the bend-
ing stresses are directed aloung the surface of the cone
toward the avex, it follows that ths bending stresses
have a component in the direction of the shear force V.
This component resists a part of the shear force V aad é§
therefore reduces the shear stresses.

) The shear force resisted by the bending force 4F
In an olemcnt Oof the coms is
dv, = (sin a sin g) 4F
= (sina sin @)(fy sin 8) rt d 9 (AB)
The total shear resisted by the bending stresses is ob- ;
tained by integraticn around the circuanference of the §
coue. Thus, ;
a1
B 2
¥y, = £y rt sin ai/ sin g 4¢
A . :
= f, Trt sin a (a8) ‘
4

Substitution of the value of £, from equation (84) in :
equation (48) gives
‘~ vy = M tan g (a7)

T

The effective shear V! that causes shear stresses in

the walls of the cone is therefore the total anplied

shear V minus the shear resisted by the bending stresses
Vys that is,

Vi =V -~ Vy (48)

In order to determine the shear stresses in a cone,
the part element of 2 cone shown in figure 11 is consid-
ered. The x-compounents of the forces due to berding are,
at station X,

172

(Fb)x = /‘ fb sin B cos o rt 48 -(A9)
B

and, at station =z + d4x,

St




15
d-
& m/2
’ df'b " . d
V. (7,) = (f4, + —=2 dx) sin § cos a (r + 4T dx)t d g
ad ﬁ xtdx | Jg dx dx
. T : \ (A10) -
~ -

By virtue of symmetry the shear stress at the extreme
fiber is zero. The x-component of force due Lo shear is
therefore

(Fylg = (fy)g t (dx sec a) cos o (A11)
The eguation of equilibrium for the forces in the z-direc-
A5) tion is therefore, if terms of higher order are neglected,
- 4 ”/ﬂd /2
: £ , ’
(f.) sec a + ~-b sin 8 » 48 + r fy sin 5 9r 58 = 0]
A J dx -‘é , dx
(412)
from which
dfb dr
(£y) = -cos a cos B(r —-2 + fy _€> (413)
26) 8 X ax :
A - By differentiation of eguation (A4),
B | aM R dx
. ; di 2M &L
; s 0fy dx dx (414)
A7) 1 - dx mr®t cos a4 Tir®t cos O )
At gtation =x, the moment M = V(h ~ x)ﬂ Therefore
N
| S AN L Ly | a
2ss€8 ! - .- ax -V : : (418)
| - Also
(a8 ' dr : .
Li.o= —tan q ’ (A1)
dz .
ne, .
53d- : _ SR
ars, Substitution of equations (Al4), (A1l5), and (Al6) in
. ' equation (Al3) gives o ‘
| (fv) = V+ _M taan o cos 8
(49) 8\t mr |
= L cos g (ALl7
Tird
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The maximum shear stress ¢ which occurs at the neutralaxié
is given by the formula ‘

- !

('/fv . ‘V' - Vl r ' 4 (AlB)
: Trt I : . ;

APPENDIX B

EFFECT OF VARIATION IN TEE POIBT OF APPLICATION OF

THE SHEAR FORCE ON THE BENDING STRESSPS IN'A COWE

Beuding~stress diagrams for cones in combined trang-

verse shear and beading for which the value of T {

ry! i
is positive are showsn is figure 8. Refererce to figure 7
and equation (10) shows, however, that the quantity

M -
rvt sec @ can also have negative values. <hese negative

values occur when the resultaant shear force V is located
either to the right of the apex of the cone (negative ro)

or to the left of station x, the section at which bend- |
ing stress is determined (negative o).

A diagram similar to that of figure 8 but including

the negative values of “MT sec & 1is shown in figure 12.
A few hypothetical bending-stress diagrams for cones of, ‘
the type studied in this paper are plotted in figure 12 -
to indicate their shapes. The boundary lires correspond

to the two lines. e and f wused in figure 8 to represent

the scatter of test da'ca.

Three distinct regions can be defined in figure 12.

The region in which “%T sec a varies from 0 to +e
r

is the same as that shown in figure 8 and corresponds to
a variation in tke location of the resultant shear force
from station =x to the apex of the cone. As the shear
force moves from the apex out to infianity on the right,
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%&'sec o varies from =« to a vaiue of -ecsc a (in
T

this cagse, -5.1) and. defines the left-hand region of figure
12, in which the bending stresses are shown as positive.

As the shear force moves t0 the left from station x to

infinity, .¥_ sec a varies from ¢ to =~cgec a and de-
rV1?

fines the region in figure 12 in which the %veudiag stresses

are shown as negative. The pure-bending condition, for

which the effective sheer V! is eoual to zero, 1S ob-

tained by placing the resuliant she%r force V at the apex

of the cone: that ig, -¥_ gec g = Am.

vV
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Figure 7. = Sketch of cone and resultant shear force.
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Figure 4,- Trunca.‘ted conez after
failure in combined
trangverse shear and bending,
ghowing transition from shear to
bending failure @.S(H/IV') sec g
varies from small to large values.
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Figure 6.= Plot of fc/E against rft for truncated cones in

compression. ( Data for circular cylinders

from reference 3.)
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Figure I0.- Truncated cone subjected to

combined trans-
verse shear and bending.

N
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Figure 1. - Part element of a cone, show-

ing longitudinal stresses due to
shear and bending.

*Figs. 10,11
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